11 th -to early 13 th -century medieval polychrome sculptures can be considered as ancestral testimony of knowledge, practices, and the exchange of carving and painting techniques in the Middle Ages. This paper aims to provide an analysis of 50 years of research in Belgium, including recent case studies. New material elements and analysis results will likely resuscitate the debate on the relative chronology that is usually suggested. The identification of materials reveals the circulation of goods and trade. The richness of pictorial effects and techniques demonstrates a knowhow long considered as typical of the late Gothic period, including the use of oil in the binding media. Most of the information collected in the Belgian corpus matches the results of analyses carried out on sculptures from other European regions, both in terms of the evolution of their appearance and of their techniques. These observations make it possible to put forward the hypothesis of a fast and oral transmission not only within local workshops but in the broader European global context.
Fires and the practice of burying unused wooden statues have led to many losses, but one of the main causes of damage are wood-eating insects. The biological damage sets in quite quickl. As a consequence, many of them were completely transformed in the 14 th century as illustrated by the Hermalle-sous-Huy Virgin 1 (Museums of Art and History of Belgium), and the Virgin in Saint Peter's church in Bertem 2 . Another type of radical transformation, which took place even earlier, is illustrated by the Virgin in Saint-Materne Church in Walcourt which was first polychromed and then completely covered in metal sheets in the 13 th century 3 . In Belgium, sculptures have generally been repainted once or twice each century. As a consequence, no 11 th -and 12 th -century sculptures studied so far exhibit their original polychromy. Among the sculptures dating from the first decades of the 13 th century, only three Virgins appear in their original polychromy. The so-called Black Virgin illustrates another example of transformation.
The recent study of the Hal Black Virgin has revealed traces of two medieval polychromies under black repaints 4 . Another phenomenon is the radical transformation of medieval sculptures in the 19 th century to bring them into a hypothetical pristine state. In the first half of the 20 th century another type of intervention came into being, which this time aimed to get rid of all additions, including polychromies, to return to the sculpture's 'naked body' which was considered to be more authentic even though this bare wood appearance was never the mediaeval artists' intention. In view of these transformations, the article will focus first of all on the contribution made by a material study on the relative chrolonology issue by using a few case studies for illustration purposes. 1 75 cm, http://balat.kikirpa.be/object/20044721 (the online balat.kikirpa.be photo library). 2 47 cm, http://balat.kikirpa.be/object/32047; SERCK-DEWAIDE, Myriam -"Les Sedes Sapientiae romanes de Bertem et d'Hermalle-sous-Huy. Étude des polychromies successives". Bulletin de l'Institut royal du Patrimoine Artistique 16 (1976) (1977) , pp. 56-74. 3 Since the second half of the 20 th century, new datings suggested by C14 and dendrochronological analysis have suggested that some sculptures in the round possibly produced before the year 1000 have survived 5 . The Tancrémont Crucifix was dated at around 1100 until radiocarbon analysis gave it the title of the oldest sculpture in the round in Belgium (799-946; with a probability of 68%) 6 . The new dating is around 1000 whereas the Xhoris Madonna (Grand Curtius museum, Liège), generally attributed to the same workshop 7 , is still dated a hundred years later ( fig. 1) . In spite of different iconographic themes and the considerable damage caused by insects on the Xhoris Madonna, the common traits of the two sculptures lead us to think that they share geographic and chronological production zones: the crowned faces, the cubic shapes, the slightly open downturned mouths. In both sculptures, the bodies' volumes are smooth, with the draping effect only expressed by are few parallel curves (Christ's sleeves, Child's mantle) or straight lines (lower section of the Virgin's bliaud). If the hypothesis of a Xhoris-Tancrémont group is maintained, the Xhoris Madonna may be considered to be contemporary or even older than the Walcourt Virgin, for which the radiocarbon analysis results (957/1020) are compatible with the consecration of the church in 1026 8 . 5 
Tongeren's Christ on the Cross and Thuin's Madonna and Child: revealed by X-ray
According to the generally accepted relative chronology, the passage from the 11 th to the 12 th century is illustrated by the Crucifix in Tongeren Basilica 9 (fig. 2) and the Virgin in Notre-Dame d'el Vaux Church in Thuin 10 ( fig. 3 ). The sculptures have in common a long face ending in an only slightly protruding chin, a long triangular nose and a small closed mouth. The Virgin was dated by C14 at between 1020 and 1160 (with a probability of 95.4%) 11 . While this very wide margin is compatible with the dating of around 1100, it does not make it possible to attribute the work more precisely to either the 11 th or the 12 th century. A wood sample taken from the back of the Crucifix is dated between 890 and 1020 with a 95.4% probability. This wide range makes possible the dating of the sculpture during the Ottonian period 12 . The dendrological observations suggest that a dating around 1100 seems more difficult to support. The X-ray of the Crucifix does not reveal any repair work recut on the face ( fig. 4 ). It shows that modern nails were used to fix the sides of the perizoma which are not original. More surprisingly, the X-ray brings to light a series of details that are completely hidden by the thickness of the repaints. These elements invite us to reconsider the extremely bare, almost modern appearance of this Crucifix. On its belt, which is currently a flat band, we can make out the rounded outline of a bretzel-shaped knot that is similar to that of the Landen Crucifix, a sculpture dated in the first half of the 11 th century (Grand Curtius museum, Liège) 13 ( fig. 5 ). On the X-ray, two parallel sides of the perizoma fall straight down from the knot, each forming zig-zagging folds, only a few of which are still visible to the eyes. On each side of the base of the neck, a double half-circle edged with a zigzag relief on the outside echoes the folds of the perizoma ( fig. 6 ). This decoration, which still bears black paint traces 14 , might represent hair falling on the shoulders, although the extremely geometric half-circle shape is puzzling 15 . Tomographic imagery would enable us to gain a precise insight into the volumes of these invisible details. A photo shows the Thuin Virgin as it looked before a heavy intervention in 1891which included: new hands, the addition of a bunch of flowers, an Auvergne-style throne and a polychromy which could have been inspired by the Majestat Batlló 16 . The X-ray brings back to light details that were completely buried in the thick layers of coatings, such as the small ears high on the head, exactly like those on the Crucifix ( fig. 7 ). Under the smooth wavy hair of the 19 th century appears the Virgin's original hair, which seems to consist of fine parallel straight furrows carved in the wood. The veil at the top of the forehead sticks out in a fold shaped like a dovetail.
The current round shape of the eyes on the Madonna and Child and on the Christ suggest that only the eyeballs were carved in the wood. However, the X-ray shows that John from a Calvary in the same church, is of local regional origin, most probably from Liège 25 . This new material input confirms that the pieces were produced in the Meuse territory. However, this finding does not tell us anything about the origin of the carver! Concerning the dating, the dates of the most recent wood rings measured during the dendrochronological analysis provide the termini post quem for the felling of the trees. . Another element to take into account in dating a piece is the time that elapses between the tree being felled and the wood being used. It is usually assumed that drying as such took little time since sculpting dry oak is difficult. To conclude, taking all of these parameters into consideration, it can be claimed with regard to the beginning of the 13 th century that the results of the dendrochronological examination do not contradict the usually suggested datings, but they do not rule out datings earlier in the 13 th century.
II. Construction carving: markers of regional identity?

Wood species and measures
In the 11 th and 12 th centuries, carvers used a rather large variety of local species of wood such as lime wood (Tancrémont, Walcourt, Hollogne-sur-Geer, Forest, the Bossière 29 and Mierchamps Virgins), alder (Hermalle-sous-Huy), willow (Bertem, Virgin from the old Descamps collection in the Grand Curtius museum) 30 and aspen (Thuin, Seron,Tongeren, Evegnée Virgin in the Grand Curtius museum) 31 , apple (Saint Bishop of Schurhoven in the Museums of Art and History in Brussels) 32 . This habit can explain the importance of the damage caused by insects. While carpenters in the Meuse valley used oak systematically and in large amounts in the 12 th century, it is only in the 13 th century that oak became the predominant species of wood used to carve sculptures. This phenomenon is also documented in the other area of northern Europe (Rhineland 33 , as well as in Scandinavian countries 34 ). During the 11 th and 12 th centuries, the size of Virgins in Majesty varied between 46.5 cm to 85 cm. By the end of the 12 th century, a few Madonnas were over a metre tall 35 . This growth increases and extends over time with a series of Madonnas dating from the first decades of the 13 th century 36 . The silhouette and the neck being elongated gives these Madonnas a certain elegance when compared to the more austere representations of the preceding centuries. These 13 thcentury Virgins are all sculpted in oak, but this was also the case for many other Virgins under one metre tall. So the size of the scuptures does not seem to have been a determining factor to explain the use of oak. In the second half of the century, the Madonnas, mostly carved in oak, will generally be maximum one metre high. So the question remains. Why did this change to a harder wood for carving take place precisely when carvers were starting to create deeper and much more complex folds in the draperies of the Gothic sculptures? Might this be related to an evolution in the quality of carver's tools? Or did the carvers suddenly become concerned with the durability of their works and hence preferred a wood specie that is less prone to insect attacks? Could this change be due to an increased availability of oak?
The joinery
During the whole period under analysis, the arms of the Christs on crosses are traditionnally carved separately and attached with a mortise and tenon system. The head of the Walcourt Virgin was sculpted separately and fixed with a large tenon. For the whole period being analyzed, this sculpture is the only example of this practice, which is visible in 12 th -century Auvergne sculpture 37 and in other northern European regions at the beginning of the 13 th century 38 . 42 The main part comprises the head and the body. The arms, which have been carved separately, are fastened to matching holes in the torso using tenons. The system with tenon and mortise which is used during the 13 th and 14 th centuries is very common in the north of 
In representations of
Positioning of the sculpture
A specific rule does not seem to emerge either with regard to the positioning of the sculpture in relation to the trunk. The missing or modified parts at the top of the pieces often make it difficult to determine the position of the sculpture in the block of wood. In future, tomography will be able to compensate for this issue. At the moment it is possible to establish that the Evegnée Virgin is carved in a half log of which the heart is towards the back of the sculpture but in the centre with regard to left and right. On the Tongeren Crucifix, the heart of the tree can be seen under the toes of the left foot. With regard to German examples, Endeman states that a rule cannot be determined concerning the positioning of the sculpture with regard to the heart of the tree 50 .
In the first decades of the 13 th century, the heart of the trunk is usually located more or less centrally in the sculpture, slightly towards the back so that it is removed when hollowing out. However, this precaution is not always respected, and in a few examples the heart is located at the front of the sculpture, leading to the formation of deep cracks and loss of material 51 . 46 These elements were often sculpted separately and fixed using small wooden pegs, which explains why they are often lost or replaced. 47 
Hollowing out
The hollowing out of the back of the sculptures is not systematic in the 11 th -century sculptures. The Tancrémont Crucifix is not hollowed out, nor is the Gerresheim Christ in Germany. The back of the Xhoris Virgin is completely hollowed out to the nape of her neck following the forms of the sculpture ( fig. 9 ). Other dorsal cavities are rectangular, as is the case on the Tongeren Crucifix. In Walcourt, it was used as a reliquary. This variety of procedures can also be found in the German corpus, in which half the sculptures up to 1000 AD are hollowed out 52 . In the 12 th century, sculptors 
Tool traces
A systematic survey of the tool traces has not yet been carried out for the 11 th and 12 th centuries. It would be interesting to confirm whether a sharp narrow chisel is used exclusively in early sculptures to the detriment of a rounded gouge, as observed by C.
Endeman. Our initial observations seem to confirm this evolution on our corpus. Traces 
Carved decorative patterns and inclusion of glass eyes
In the 11 th -to 12 th -century sculptures preserved, no decorative elements were A glass ball inserted in the location of the iris is illustrated by two sculptures: the Walcourt Madonna, which still has a dark glass eyeball, whereas in the case of the Tongeren Christ's head, only the empty orbits remain to bear testimony to this practice.
The process was used at the beginning of the 13 th century on the Virgin of Saint John's and the small Christ in Majesty from Rausa 60 , two sculptures that could be given to the same carver, considering stylistic as well as technical ressemblances 61 . In most part of the sculptures preserved, the artists have relied on polychromy to add detail to the facial features, to create the gaze and characterize the garments with colour and decorative patterns. 60 63 cm, Musée Grand Curtius, http://balat.kikirpa.be/object/10067696 61 The way the dorsal cavity is deeply carved is very similar.
III. Polychromy: a northern Europe history?
Completition of the wooden surface: evolution in the use of ground layers
The 63 . This leads once again to the question of regional specificities.
In the second half of the 12 th century, the thickness of the chalk and glue ground tends to increase, an evolution which can be associated with the application of metal leaf on larger surfaces. In a few examples dated in the first decade of the 13 th century, the preparation layer is also used to complete the wooden form. On the Virgin from Saint Paul's Cathedral in Liège, the shape of the thin parallel streaks representing strands of hair is due to the preparation, not the carving. On the face of the Virgin at Utrecht Museum, the waves in the hair are represented by grooves carved in the wood, whereas on the back, only the preparation represents the strands 64 . The representation of the hair in the preparation seems more frequent in sculptures in the Rhine area in the 13 th century 65 . Initial examples of a pastiglia decroation only appear in the Meuse regions in the second half of the 13 th century 66 , while the technique is already used for the representation of cabochons in many sculptures in Sweden and Germany at the end of the 12 th century 67 . In sculptures dating from the first decades of the 13 th century, the preparation seems to have been carefully polished under the carnations, which look very smooth 68 . On the Saint John from Saint Mort's Church in Huy, analyses have revealed large amounts of very fine silica grains on the surface of the preparation layer. The presence of this substance might be indicative of surface polishing using asperella according to the practice recommended by the monk Theophilus in the 12 th century 69 . A thicker preparation can also help to iron out uneven surfaces, especially those due to deep-handed carving. This is the case with the Virgin at Utrecht Museum, on which the preparation can be as much as one centimetre thick.
The 11 th -century sculptures: a polychromy dominated by colours?
To imagine how the sculptures originally looked on the basis of fragments of old layers of paint is still a delicate exercise that calls for nuanced explanations 70 . Thanks to technical investigations, a set of early testimonies now illustrates the existence of "lively painted style" or 'polychromie au naturel' among which the Walcourt Virgin is a notable example 71 . It is interesting to note that the presence of relics does not seem to influence the type of coating, be it polychromy or metal foil as illustrated as well by the (fig. 15 ). This introduction of a third level of reality in the image can be considered as the expression of assumed 'discordances' between the plastic form and the polychromy considered to be characteristic of the Romanesque period 74 . 72 MERCIER, Emmanuelle; SANYOVA, Jana -"Art et techniques de la polychromie romane sur bois dans l'Europe du Nord". Les Cahiers de Saint-Michel de Cuxa, Actes des XLIII e journées romanes de Cuxa, 2012, pp. 126-128. 73 The ochre tone is a mix of white bone and red lead; the green tone is obtained with copper salts (atacamite and paratacamite). 74 www2.fcsh.unl.pt/iem/medievalista limited to the edges, the belt and some decorative elements. However, the case of the Dijon Virgin studied by N. Bertoni might reveal that this typology is older.
Second half of the 12 th -beginning of the 13 th century: Imitation and use of gold and precious stones?
Considering this extensive use of coloured surfaces, we might wonder when and how the change occurred between this taste for colour also called "lively painted style" and the almost all-pervading use of gold on the garments of many 13 th -century sculptures, also called "golden style". This change in taste did not appear all of a sudden. Indeed, in the last third of the 12 th century, we observe an increasing number of sculptures on which garments are completely covered with an imitation of gold. It is achieved by using silver leaf covered in a thick layer of yellow glaze. This is the technique used for According to Peter Spufford, this explains to a large extent the intensification of the circulation of goods not only within Europe but also with Asia. 78 The yellow glaze is an oleoresinous varnish. The hypothesis that it is cooked linseed oil is also plausible. 79 Some years ago, this Virgin was stolen and offered for sale as a Mosan sculpture. The anecdote shows to what extent geographical attributions are very fragile.
On the Saint John Virgin, as well as on the majority of the sculpture dated from around 1230, the use of real gold leaf started to appear in first decade of the 13 th century. This phenomenon appears quite suddenly. Analysis shows thar the gold leaf shows a high level of purity. This leads to assume contact with a gold coining center in a period when only silver was used in Europe for this purpose. It is therefore likely that the gold bezants available after the Capture of Constantinople in 1204 and the creation of the Latin Empire may have provided the raw materials for the goldbeaters 80 .
Matte mordant gilding observed on the garments of six sculptures dated in the first half of the 13 th century corroborates Peter Tångeberg's thesis that this technique observed in Sweden is a northern European tradition parallel to the more common aqueous gilding 81 . Whatever the technique used, on the Belgian sculptures, the gilded surface seems to be systematically covered with a yellow glaze.
The technical study of the Mosan sculpture makes it possibile to state that a style of polychromy dominated by colours also called 'lively painted style' which seems to have characterised the 11 th -century sculptures continued to develop in parallel with the socalled "golden style" which appeared in the second half of the 12 th century. The coexistence of these two types of polychromy has already been highlighted in Sweden and in Norway 82 . In the 13 th century, the 'golden style' seems to be the most widespread. The Virgin in Saint John's Church is the only well preserved Mosan example of this type of polychromy, even though the richness and variety of decorative techniques employed, including the inclusion of many rock crystal cabochon, make it an isolated case today 83 . This sculpture could, however, be part of a tradition going back to the end of the 12 th century, to which the Oignies Virgin and the Bossière Virgin also belong. On these two sculptures, that are now stripped, the presence of oval-shape 80 83 Generally speaking, the other 13 th -century sculptures from the Meuse valley that were studied included fewer decorative elements and were usually limited to an inset cabochon on the chest or a medallion sculpted in the wood. shallow cavities in the wood likely for the setting of cabochon demonstrates the richness of the lost polychromy 84 .
This taste for gold and the representation of gemstones is illustrated in a series of sculptures dated around the year 1200 in Scandinavian countries and in Germany 85 .
In the first decade of the 13 th century, a third type of polychromy is observed in the Mosan production which is called "Idealfassung" as illustrated by the small Christ said to be "from Rausa" 86 The effect that this type of polychromy produces is reminiscent of the metal foilcovered statues with painted faces. This mixed technique is generally illustrated by the Orcival Virgin (12 th century) and might be very old, as the golden Virgin of Hildesheim suggests (circa 1010-1015) 89 .
The question of the use of oil as a binding medium
In the first half of the 13 th century, a taste for luminous materials results in the use of smooth and glossy surfaces that are either coloured or metallic. These effects are achieved by various technical means: underlayers with white or red lead pigments; green copper based glazes, red Lac dyes; yellow glazes over gilding. They depend to a large extent on the binding agent. Our observations lead us to conclude that oil does seem to be one of the main ingredients of the pictorial layers' binders, including azurite.
In the first half of the 13 th century, this blue pigment is widely used, a phenomenon usually attributed to the Mongolian invasions in eastern Europe which are thought to have stopped trading in lapis lazuli /ultramarine on the trading routes in the north 90 . The azurite-based blue paint layers observed on Belgian sculptures exhibit a dark tonality with a very glossy appearance, which stands in stark contrast to the bright and matteequally azurite-based -blue polychromy widely found on sculptures in the following centuries possibly to imitate velvet 91 . In the first half of the 13 th century, azurite is applied over one or more light blue underlayers containing lead white, a layer structure already in use in the 12 th century with lapis lazuli/ultramarine. In most sculptures examined, the dark and glossy blue layers are comprised of very finely ground grains given by Petrus de Sancto Audemaro 92 , the layer is easy to apply and gives the most homogeneous and glossy surface. Observation, analysis and reconstruction suggest that the dark and glossy appearance is an original feature of 13 th -century blue layers which would be in line with the aesthetics of that time when luxurious indigo-dyed clothing was valued at the European courts. These blue cloths are rigorously classified, with the most sought 'azure' or 'ynde' (a very dark blue) 93 or 'brunette' cloth, a dark blue fabric from Liège considered to be a very luxurious product. Results of the in-depth study of the Virgin of the Van den Peereboom donation match results of medium analyses acquired over the last few years on 13 th -and 14 th -century paintings which have established that not only heat-bodied oil mixed with resin but also pure linseed oil were used for different purposes, possibly on the same object 94 . This raised the question of the developpemnt of this knowledge before the 13 th century. The few case studies to have been carried out until now on 11 th -12 th -century sculptures in Belgium have focused on the colours and pigments to the detriment of the painterly effects, which greatly depend on the type of binder. In addition, analysis of the binding media were limited and carried out mainly with solubility tests which are only indicative. This means that old studies need completing and the sample analysis needs bringing up to date both in terms of pigments and binders.
Conclusion
With regard to the dating of 11 th -to 12 th -century sculptures, the whole corpus would deserve radiocarbon or when possible dendrochronological analysis. These, however, are not a replacement for an iconographic and stylistic analysis. Considering the complex material history of most sculptures, in order to avoid falling in the Medievalista Nº 26 | Julho -Dezembro 2019 © IEM -Instituto de Estudos Medievais 34 www2.fcsh.unl.pt/iem/medievalista anachronism trap this analysis must in turn take into account the repair work and transformations which have occurred sometimes early in their existences.
From a technical perspective, although the materials and techniques found do not always seem to be mentioned in mediaeval treatises, they do bear testimony, through their appearances and their uses, to a certain homogeneity in northern Europe. These findings seem to reflect the importance of oral transmission, not only within the workshops but also between geographical areas. Similarly, with regard to form, divergences which appear in literature concerning the attribution of pieces to a specific production area (Mosan, Brabantine, northern French) may also be explained by shared typologies. To determine more specifically if certain technical habits that can be used as markers of regional identity is a delicate task. On the one hand, sculptors from a given location have not necessarily used the same modus operandi. On the other hand, existing data must be completed to provide a better insight of the whole preserved production of northern Europe in order to lead to more rigorous comparisons, keeping in mind that our view of the evolution of 11 th -to early 13 th -century sculpture is very fragmentary.
A summary of this data makes if possible to qualify the still very common view that in the Romanesque period, the palette of colours was simplified and limited to pure colours of local origin. Materials, on the contrary, came from far away. The large variety of techniques and the complex layered structures observed illustrate a remarkable technical mastery generally assumed to be characteristic of late Gothic.
Even if it is becoming more and more difficult to sustain that oil paint was only used to paint doors in the 12 th -to early 13 th -century, researchers are nevertheless still divided on the question of the development of oil paint technique. Some of them, such as Mark Clark 95 , conclude that oil painting remained a "sleeper technology" with no difference in effect to aqueous media until the Van Eyck era. Others, such as Unn Plahter 96 , consider that it was not the case in the 13 th century and are tempted to question whether an enhanced exploitation of the potentials of oil-based medium took place in the 95 CLARK, Marc -Medieval Painter's Materials and Technique -The Montpellier Liber diversarum arcium. London: Archetype Publications, p. 87. 96 PLAHTER, Unn -"Norwegian art technology…" pp. 74-75.
www2.fcsh.unl.pt/iem/medievalista western and northern parts of Europe. 11 th -to early 13 th -century wood polychrome sculpture is certainly a possible missing link to explore this thorny hypothesis.
At this stage, research results make it possible to note that the material effects, the use of colour, materials and decorative patterns generally follow the same trend as the polychromed sculptures of the rest of norther Europe. Polychromy also being affected by the polymorphism of creation in mediaeval images, a typology can be extended until very late and thus coexist with other formulations. Three types of polychromy exist at the beginning of the century: "lively painted", "golden style" and "ideal style". The evolution observed in the sculptures studied in Belgium was also demonstrated on Catalan painted altar frontals. Manuel Castinieras suggests that the exclusive use of colours on the oldest altar is more reminiscent of illuminated manuscript whereas the use of tin sheets which appears in the second half of the 12 th century is suggestive of goldsmithery 97 . It will be interesting to observe if this evolution is corroborated by the result of future case studies.
The corpus of Belgian works includes sculptures that have not yet been studied at all and could add pieces to the partial puzzle we have examined here. Ideas for future research have been expressed, and many gaps need to be filled by detailed analyses. In view of the small number of pieces to be analysed, only a systematic work method will guarantee the pertinence of the comparisons.
